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Abstract 

On the galactic scale the universe is inhomogeneous and redshift z is occasionally 
less than zero. A scalar potential model (SPM) that links the galaxy scale z to the 
cosmological scale z of the Hubble Law is postulated. Several differences among 
galaxy types suggest that spiral galaxies are Sources and that early type, lenticular, 
and irregular galaxies are Sinks of a scalar potential field. The morphology-radius 
and the intragalactic medium cluster observations support the movement of matter 
from Source galaxies to Sink galaxies. A cell structure of galaxy groups and clusters 
is proposed to resolve a paradox concerning the scalar potential like the Olber's 
paradox concerning light. For the sample galaxies, the ratio of the luminosity of 
Source galaxies to the luminosity of Sink galaxies approaches 2.7ib0.1. An equation is 
derived from sample data, which is anisotropic and inhomogeneous, relating z of and 
the distance D to galaxies. The calculated z has a correlation coefficient of 0.88 with 
the measured z for a sample of 32 spiral galaxies with D calculated using Cepheid 
variable stars. The equation is consistent with z < observations of close galaxies. 
At low cosmological distances, the equation reduces to z exp{KD) — 1 KD, 
where X is a constant, positive value. The equation predicts z from galaxies over 18 
Gpc distant approaches a constant value on the order of 500. The SPM of z provides 
a physical basis for the z of particle photons. Further, the SPM qualitatively suggests 
the discrete variations in z, which was reported by W. G. Tifft, 1997, Astrophy. J. 
485, 465 and confirmed by others, are consistent with the SPM. 
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1 INTRODUCTION 



The evidence suggest the problem of a single model explaining both galac- 
tic scale and cosmological scale observations is fundamental (Sellwood and 
Kosowsky, 2001). Among a variety of models that have been suggested to link 
cosmological scale and galactic scale observations are models using a scalar 
field. A scalar field has been linked to dark matter (Fay, 2004; Pirogov, 2005), 
a cosmological model (Aguilar et al., 2004), the rotational curves of spiral 
galaxies (Mbelek , 2004), and axisymmetric galaxies (Rodriguez- Meza et al., 
2005). 

The great majority of elliptical galaxies are observed to be much poorer in 
cool gas and hydrogen than spiral galaxies of comparable luminosity (Bin- 
ney and Merrifield, 1998, pages 527-8). The bulk of the interstellar matter 
(ISM) in spiral galaxies is Hi and hydrogen. In elliptical galaxies, the bulk of 
the ISM consists of hot plasma distributed approximately spherically rather 
than in a thin disk (Binney and Merrifield, 1998, pages 525-6). A characteris- 
tic of elliptical galaxies not found in spiral galaxies is that the X-ray surface 
brightness is nearly proportional to the optical surface brightness (Binney and 
Merrifield, 1998, pages 526). The study of dust lanes suggests that gas and 
dust are falling into elliptical and lenticular galaxies (Binney and Merrifield, 
1998, pages 513-6) and are formed internally in spiral galaxies (Binney and 
Merrifield, 1998, pages 528-9). Some evidence has been presented that sug- 
gests irregular galaxies will settle down to being a normal elliptical galaxy 
(Binney and Merrifield, 1998, page 243). In low surface brightness (LSB) spi- 
ral galaxies, the outer rotation curve (RC) generally rises (de Block et al., 
2001, and references therein). In contrast, "ordinary" elliptical galaxies, with 
luminosities close to the characteristic L* (=2.2 xIO^^L^ q in B band solar 
units for a Hubble constant — 70 km s~^ Mpc~^) show a nearly Keplerian 
decline with radius outside 2i?eff) where R^s is the galaxy's "effective radius" 
enclosing half its projected light (Romanowsky et al., 2003). 

Battaner and Florido (2000) and Sofue et al. (1999) provides an overview 
of the current state of knowledge of RCs of spiral galaxies. The RCs of spiral 
galaxies have a high rotation velocity of over 1000 km s^^ near the nucleus 
(Ghez et al., 2000; Takamiya and Sofue, 2000). Ghez et al. (2000) and Ferrarese 
and Merritt (2002) have observed Keplerian motion to within one part in 100 
in elliptical orbits of stars that are from a few 100 pc to a few 1000 pc from 
the center of spiral galaxies. The Keplerian characteristic decline in rotation 
velocity is sometimes seen in H^ RCs. This is followed by gradual rise to a 
knee or sharp change of slope at a rotation velocity of less than 300 km s~^. 
The outer RC is beyond the knee. Interacting galaxies often show perturbed 
outer RCs. The outer part of an RC is often relatively fiat with rising and 
faUing RCs occasionally being found. 
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The particles most often measured in the disk region of a galaxy are hydrogen 
gas by Hi observation and stars by observing the Hq, line. The particles being 
measured in the inner bulge region are stars by observation of H^, CO, and 
other spectral hnes. Also, the RC differs for different particles. For example, 
the Hi and H^ RCs for NGC 4321 (Sempere et al, 1995) differ in the outer 
bulge and approach each other in the outer disk region. 

McLure and Dunlop (2002) found that the mass in the central region of spi- 
ral galaxies is 0.0012 of the mass of the bulge. Ferrarese and Merritt (2002) 
reported that about 0.1% of a spiral galaxy's luminous mass is at the center 
of galaxies and that the density of super massive black holes SBH's in the uni- 
verse agrees with the density inferred from observation of quasars. Merritt and 
Ferrarese (2001a) found similar results in their study of the relationship of the 
mass M, of the central supermassive black hole and the velocity dispersion cTy 
(M, — (Ty relation). Ferrarese (2002) found a tight relation between rotation 
velocity Vc in the outer disk region and bulge velocity dispersion o"c (^c — ctc) 
which is strongly supporting a relationship of a center force with total grav- 
itational mass of a galaxy. Wandel (2003) showed M, of AGN galaxies and 
their bulge luminosity follow the same relationships as their ordinary (inac- 
tive) galaxies, with the exception of narrow hne AGN. Graham et al. (2001, 
2002); Graham et al. (2003) found correlations between M, and structural pa- 
rameters of elliptical galaxies and bulges. Either the dynamics of many spiral 
galaxies are producing the same increase of mass in the center at the same 
rate, a feedback controlled mechanism exists to evaporate the mass increase 
that changes as the rate of inflow changes as suggested by Merritt and Fer- 
rarese (2001b), or sufficient mass is ejected from spiral galaxies to maintain 
the correlations. The RCs imply the dynamics of spiral galaxies differ so the 
former is unlikely. The study of dust lanes suggests mass is ejected from spiral 
galaxies. 

The following is taken from Binney and Merrifield (1998). Galaxies in groups 
and clusters ("clusters") are much more likely to be elliptical or lenticular 
than in the field. Spiral galaxies lie farther from the center of clusters than do 
elliptical galaxies. The fraction f{E) of galaxies that are elliptical galaxies in 
clusters varies from 15% to 40%. Clusters with a large value of f{E) tend to 
have a regular, symmetric appearance, often with a large cD galaxy at its cen- 
ter. Clusters with a low value of f{E) generally have a ratty appearance. The 
fraction f{Sp) of spiral galaxies in centrally-concentrated clusters increases 
with radius R from the center of the cluster. The observations are consistent 
with the model of their being no spiral galaxies in the cores of regular clus- 
ters. The lenticular (SO) galaxies become increasingly dominant at small radii. 
Nearer the core the fraction f{SO) of SO galaxies declines sharply as f{E) in- 
creases sharply. Also, the f{E) increases and f{Sp) decreases as the projected 
number density of galaxies increases. There appears to be a close relation 
between A^d and R. The morphology of galaxies appears strongly correlated 
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with the current surrounding density. A galaxies radius within a cluster ap- 
pears to be the primary factor that dictates its morphology except where a 
spiral galaxy has a nearby companion. The nearby companion has a dispropor- 
tionate probability of being elliptical. Studies of Hi in spiral galaxies show the 
average Hi deficiency varies monotonically with R. Most rich clusters of galax- 
ies are filled with plasma with temperature > 10^ K (intracluster medium). 
The intracluster medium mass exceeds the total mass in the luminous parts 
of cluster galaxies. The intracluster medium is composed of hydrogen-helium 
plasma and significant numbers of heavy-element ions, which were probably 
formed in galaxies. The hot plasma may be condensing into galaxies (SO and 
E) that are found at the center of clusters. 

That the redshift z of emitted photons from galaxies generally increases with 
the extragalactic distance D (Mpc) between the emitting galaxy and observer 
is well known {z — D relationship). Currently fashionable, cosmological models 
attributes 2; to a Doppler shift of a light wave. The assumption of homogeneity 
in cosmological scale volumes is compatible with either a static galaxy distri- 
bution or with a very special velocity field obeying the Hubble Law (Binney 
and Merrifield, 1998, page 396) 



where (km s~^ Mpc~^) is the Hubble constant and c (km s~^) is the speed 
of light. The occupies a pivotal role in current cosmologies. The methods 
of calculating supernova distances, the cosmological microwave background 
(CMB) power spectrum, weak gravitational lensing, cluster counts, baryon 
oscillation, expansion of the universe, and the fundamental aspects of the Big 
Bang model depend on and the Hubble law. 

However, the determination of Ho has a large uncertainty and different re- 
searchers calculate different values. Figure 1 shows the calculated redshift 2;h 
using Eq. (1), Ho = 70 km s"^ Mpc~^, and the distance Z^a calculated using 
Cepheid variable stars for 32 galaxies (Freedman et al., 2001; Macri et al., 
2001) versus the measured galactocentric redshift z^. The correlation coeffi- 
cient of zu versus z^ is 0.80. 

The deviation of the recession velocity of a galaxy from the straight line of the 
Hubble Law is ascribed to a "pecuhar velocity" of the photon emitting galaxy 
relative to earth (Binney and Merrifield, 1998, page 439). The deviation from 
the Hubble Law is the only means of determining the peculiar velocity of a 
galaxy. The average peculiar velocity for all galaxies is assumed to be zero on 
the scale that the universe appears homogenous. The 2dFGRS (Peacock et 
al., 2001) suggests this scale is 2; > 0.2. 
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Fig. 1. Plot of the calculated redshift using Eq. (1) and D calculated using 

Cepheid variable stars for 32 galaxies (Freedman et al., 2001; Maori et al., 2001) 
versus the measured redshift z^. The straight line is a plot of -zh = -^m- The circles 
indicate the data points for galaxies with (l,b) = (290° ± 20°, 75° ± 15°). 



The circles in Fig. 1 denote data for galaxies in the general direction of (/, h) ~ 
(290°±20°, 75°±15°). Aaronson et al. (1982) found the peculiar velocity field in 
the local supercluster is directed toward NGC 4486 (Messier 087) with (/, h) ^ 
(284°, 74°) at a speed of 331±41 km s^^. This has been called the "Virgocentric 
infall". NGC 4486 is a peculiar, large, elliptical galaxy with strong X-ray 
emissions. In addition, Lilje et al. (1986) detected a quadrupolar tidal velocity 
field from spiral galaxy data in addition to the Virgocentric infall pointing 
toward (l,b) = (308° ± 13°, 13° ± 9°) at a speed of ^ 200 km 8"^ NGC 5128 
(Centaurus A) at (l,b) = (310°, 19°) and at a distance of 3.84 ± 0.35 Mpc 
(Rejkuba, 2004) is a galaxy with properties (Isreal, 1998) similar to NGC 4486. 
Lynden-Bell et al. (1988) found elliptical galaxies at distances in the 2000-7000 
km s"^ range are streaming toward a "Great Attractor" at (/, b) = (307° ± 
13°, 9° ± 8°). Centaurus B at (l,b) = (310°, 2°) is a galaxy with properties 
similar to NGC 4486. In a more recent analysis, Hudson et al. (2004) suggested 
a bulk flow of 225 km s^^ toward (/, b) ^ (300°, 10°). However, the total mass 
in these directions appears to be insufficient to account for the peculiar velocity 
fields using Newtonian dynamics. 
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Burbidge (1968) found a z„-, periodicity Az^ ~ 0.06 for approximately 70 
QSOs. Duari ct al. (1992) confirmed these claims of periodicity using various 
statistical tests on of 2164 QSOs. However, another claim (Karlsson, 1977) 
that \n{l + z-n^) is periodic with a period of 0.206 was found to be unsupported. 
Bell (2004, and references therein) offered further evidence of periodic Zm in 
QSOs. 

Tifft (1996, 1997) found "discrete velocity periods" of Zm of spiral galaxies in 
clusters. The "discrete velocity periods" of z^ showed an octave, or doubling, 
nature. Bell et al. (2004, and references therein) confirmed the existence of the 
"discrete velocity periods" of for 83 Scl galaxies. Russell (2005, and ref- 
erences therein) presented evidence that redshifts from normal spiral galaxies 
have an "intrinsic" component that causes the appearance of peculiar veloci- 
ties in excess of 5000 km s~^. 

In this Paper, galaxy and cluster observations are used to derive the charac- 
teristics of a scalar potential model (SPM). The SPM suggests spiral galaxies 
are Sources of the scalar potential field and early type galaxies are Sinks of 
the scalar potential field. The cluster observations support the movement of 
matter from Source galaxies to Sink galaxies. An equation is derived that re- 
covers Eq. (1) for cosmological distances from data that is anisotropic and 
inhomogeneous. The resulting model is used to calculate redshift of particle 
photons for a sample of 32 galaxies with D^,. The calculated redshift Zc has a 
correlation coefficient of 0.88 with Zm- Further, the SPM suggests the discrete 
variations in z„, (Bell , 2004; Bell et al. , 2003; Bell et al., 2004; Tifft, 1996, 
1997) are consistent with the SPM. 

The object of this article is to derive a SPM based on galaxy and cluster 
observations, to apply the SPM by developing an equation for the calculation 
of z, and to test the equation using observations of galaxies with a Dg,. Sink and 
Source galaxies are discussed in Section 2. In section 3, the SPM z calculation 
equation is developed. The resulting model is used to calculate Zc in Section 4. 
Section 5 discusses the factors of the Zc calculation. Section 6 discusses the 
discrete variations in z^. relative to the model of Section 5. The discussion and 
conclusion is in Section 7. 



2 Sink and Source galeixies 



The SPM postulates the existence of a scalar potential p (erg) field with the 

characteristics to cause the observed differences in spiral and elliptical galaxies. 
The gradient of p is proportional to a force Fg (dyne) that acts on matter, 

= Gs^sVp, (2) 
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where the arrow over a parameter denotes a vector, the Gs is a proportionahty 
constant analogous to the gravitational constant G, and is a property of 
the test particle on which the Fg acts. Because the rris property of matter is 
currently unidentified, call the units of rUs "cs" . 

The SPM suggests Fs exerts a force to repel matter from spiral galaxies and to 
attract matter to early type galaxies. Therefore, the p is highest at the center 
of spiral galaxies as a point Source and lowest at the center of early type 
galaxies as a point Sink. Call spiral galaxies Sources and early type galaxies 
Sinks. 

Because the scalar field due to Sources is highest at point Sources, it obeys 
the inverse square law as does gravity. Therefore, 

pe = K^e/re, (3) 



where e is a number representing the strength of the Source analogous to the 
central mass of the gravitational potential, i^T^ is the proportionality constant, 
and (Mpc) is the distance from a Source to the point at which p is calculated. 
Because the nature of e is currently unidentified, call the units of e "q" . The 
unit of is erg Mpc q~^. 

Because the scalar field pr, due to Sinks is lowest at point Sinks, it obeys the 
inverse square law as does gravity. Therefore, 

Prj = K^v/rrj, (4) 

where 7] (q) is a number representing the strength of the Sink analogous to 
the central mass of the gravitational potential, Kj^ (erg Mpc q^^) is the pro- 
portionality constant, and (Mpc) is the distance from a Sink to the point 
at which p is calculated. 

The p is the sum of the effects of all galaxies, 

-^source -^sink ^ 

Pp = ^e E ^ + ^.E^, (5) 
i=l 'P» 1=1 'pl 

where the subscript, lower case, italic, roman letters are indices; "p" is the 
point where Pp is evaluated; Vpi (Mpc) and r^i (Mpc) are the distances to the 
point where Pp is evaluated from the i*'* Source and l^'^ Sink, respectively; and 
-^source ^nd A^gink are the number of Source and Sinks, respectively. 

In the universe, A^sourcc and Ai'sink are very large, perhaps effectively infinite. 
The boundary condition of a very large universe produces considerable ambi- 
guity in Eq. (5). One way to resolve this "Olber's paradox" type condition is 
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to postulate that 77 < and e > 0. Call the volume with a simply connected 
surface containing equal Source and Sink strengths a "cell". This is analo- 
gous to the electric charges in an atom. As the universe may be considered 
a collection of clusters, the SPM considers the universe to be a collection of 
cells. 

Ignoring the effect of neighboring Sources and Sinks (the environment) and the 
radial movement of a test particle, the tangential rotation velocity vg (km s~^) 
of a test particle in a galaxy becomes 

2 GMes , . 

ve = — > (6) 



where in a Source galaxy, 

M^s = M-K,^^e, (7) 



in a Sink galaxy. 



G m„ 



(8) 



where, for simplicity, the mass of the test particle is assumed to be constant 
over time, r (kpc) is the radial distance of the test particle, M (M©) is the 
mass inside the sphere of radius r, | | indicates absolute value, and the inertial 
mass nil, equals gravitational mass rUg of the test particle (Will, 1993). 

Because the outer RCs of elliptical galaxies are Keplerian (Romanowsky et al., 
2003), the total force on mass must be centrally directed acting along the 

— * — * 

radius of the eUiptical galaxy. The Fg and the gravitational force Fg of the 
surrounding mass of the galaxy are directed radially inward. Thus, the Meff of 
a Sink galaxy appears greater than Newtonian dynamical expectation as the 
"Virgocentric infall" and "Great Attractor" phenomena require. 

In spiral galaxies the various rotation velocity curves can result if Fg is directed 
radially outward and Fg is directed radially inward with a mg/ nig ratio varing 
with r. 

The e and rj terms of Eqs. (7) and (8) mimic a hidden mass. However, because 
M is the total mass, the e and 77 terms are massless. 

Because the Hi and H^ RCs differ, the ms/rrig factor must be different for 
different matter (elemental) types. The rUs cannot be hnearly related to the 



8 



mass. Another characteristic of matter must be the characteristic of ttt-s- Thus, 
the M of a Source galaxy is greater than Newtonian dynamical expectation. 

The nature of the e may (1) be derived from a property of matter, (2) be 
independent of matter, or (3) be the cause both of p and of matter. Because 
the p field must be repulsive of matter in Source galaxies and attractive of 
matter in Sink galaxies, the first possibihty is unlikely. If matter falls into a 
galaxy before a Source is present, the galaxy is a Sink. If a p field of a Source 
exists before matter forms around it, the p field prevents matter from forming 
a galaxy. Hence the second possibility is unlikely. Because Sources exist only 
with spiral galaxies around them, the p field and the M of a spiral galaxy are 
formed concurrently. Therefore, e oc Mt^, where Mtg is the total mass of the 
Source galaxy. Similarly, 77 oc Mt^, where M^^ is the total mass of the Sink 
galaxy. 

Because Sinks acquire their mass from neighboring Source galaxies, if the Sink 
is in a low galaxy population density environment, then local Source galaxies 
yield little matter. Such Sinks have little matter, have low luminosity, and have 
low 77. Because of the low density of galaxies, the of neighboring galaxies 
is insignificant. The extent of the field is limited to nearly the extent of 
the galaxy mass. Because Mcff > M, measurements of lensing (Guzik and 
Seljak, 2002) and velocities of satellites outside the Sink galaxy measure more 
mass using Newtonian dynamics than (Prada et al., 2003). This is a good 
description of L* eUiptical galaxies (Romanowsky et al., 2003). 

If the Sink is in a dense environment, then the Sink has more matter, is bright, 
and has high rj. The higher values of and Fg compresses the matter (stars) 
well inside the extent of the F^ field and the mass profile is steeper than low 
luminosity Sinks. Because of the high density of galaxies, the F^ of neighboring 
galaxies is significant. Thus, the Fg field is spatially more extended than the 
mass. Data from lensing, stellar dynamics (Treu and Koopmans, 2004), and 
velocities of satellites (Prada et al., 2003) outside the mass concentration of 
the Sink indicates much more mass than M^^ and the presence of a mass-like 
component more extended than the luminous component using Newtonian 
dynamics. This is a good description of bright elliptical galaxies. 

These observations are consistent with the premise that irregular, elliptical, 
and lenticular galaxies are Sinks and galaxies with spiral morphology are 
Sources. 

Because Spiral galaxies form around Sources and because cD galaxies are often 
found in the center of large clusters with elliptical galaxies, cD galaxies were 
also considered Sinks. 
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3 Redshift model 



The SPM suggests the photon is a particle. The derivation of Planck's black 
body radiation equation includes the proposition that the energy of a photon 
is discrete and composed of a number N of basic energy/particle packets. The 
calculated redshift Zc is 

AA A^e 



where A is the wavelength, is the emitted N, and is the observed N. 

Because the energy of the photon is changed as it traverses the p field, N is 
changed by the amount of p through which the photon travels. The change of 
per unit volume V of p through which the photon travels is posited to be 
proportional to N entering V, 

dN 



where Ky is the proportionality constant. 
The V is 

V = C,D{p), (11) 



where (p) is the average p in V and Cg is the cross section of V which is the 
cross section of the photon particle. 

Posit that a photon has a minimum number A^min of energy packets. Combining 
Eqs. (9) and (10) yields, 

TV 

Zc + l^ — n • (12) 



For the D and change of considered herein, Cg is considered a constant. 
For greater distances, where the total change of A^ is relatively larger than 
considered herein, the Cg is a function of A^ and p at the position of the 
photon. 

The 

1 ? 

(p) = ^ J Pxda;, (13) 
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where dx is the incremental distance x (Mpc) traveled by the photon. 

The emitted luminosity of a galaxy is proportional to the flux of photons 
from the galaxy and is assumed to be isotropic. Other factors such as the 
K-correction were considered too small for the D of the sample. For a spiral 
galaxy to exist, Fg must balance the Fg. Matter is ejected until this balance is 
achieved. Therefore, the mass and, hence, the luminosity of a Source galaxy 
is a first order approximation of e. Therefore, 

e = 10-°-^^^ (14) 



where 



mag. mag. mag. V Mpc / 



i^ei (q s erg~^) is a proportionality constant; and Mp (mag.), (mag.), and 
Ext (mag.) are the absolute magnitude, apparent magnitude, and extinction, 
respectively, in a given band (/3) of the galaxy. 

Similarity, for Sink galaxies, 

77 = i^^llO-°■^^^ (16) 



where K^i (q s erg ^) is a proportionality constant. 

The conservation of matter/energy implies for each Source galaxy 

K,Li + Mi^ K,e + Mo + AMg , (17) 



where Mj (M© s"^), Mq {Mq s"^), AMg (M© s'^), Lj (erg s"^), and 
(M0/erg) are the matter per second (exclusive of photons) entering the galaxy 
from other galaxies, the matter per second (exclusive of photons) emitted by 
the galaxy, the matter per second increase in the galaxy, the luminosity due 
to photons into the galaxy, and the proportionality constant to convert e units 
to Mq s~^, respectively. Matter is "in" a galaxy when it is in orbit around 
the Source, where the dynamics of the matter is principally determined by the 
galaxy parameters. 

Similarly for Sink galaxies, 

K^Li + Mi = K^ri + Mq + AMg. (18) 
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Sum Eqs. (17) and (18) over all Source and Sink galaxies, respectively. Be- 
cause the mass ejected from Source galaxies go to Sink galaxies, the combined 
AMg = 0. Because the measured CMB radiation is nearly an ideal black body 
radiation (Mather et al. , 1990, 1999), the sum of the Li terms for all Sources 
equals the sum of the Li terms for all Sinks. Equating the sum of all matter 
emitted from Source galaxies to the sum of all matter entering Sink galaxies 
yields, 

K V^-°k„, ' ^^^^ 



where K^i/K^i — K^^/K^. 

Because is a function of x from the observer to a point along the line of 
sight and time t, 

dV dV 

dV{x,t)^—dx + —dt. (20) 



Combining Eqs. (11), (12), (13), and (20) yields, 

^-r = i^min + e^, (21) 

+ 1 



where 

X = Ka^DP + K^D + XpP + KiF + K^^Pv^ (22) 



where: (1) Relatively small terms such as terms involving the relative e of the 
emitter and observer were ignored. (2) The /Cmin = -^min/-^e is a constant 
for a given A^^. (3) The P = p^dx. (4) The F = S^[{dp^/dx) - K,^]Ax 
to a first order approximation. (5) The iTdp (erg^-*^ Mpc~^), Kf^ (Mpc^-*^), K.^ 
(erg~^ Mpc~^), Ki (erg~^), K^o (erg Mpc~^), and K^^ (erg'^ Mpc^^ deg.^^)are 
constants. (6) The p is posited to be constant over time. (7) The relative 
velocity of the emitting and observing galaxies causes a change in V , hence 
N ^ and has three possible causes. One is the expansion of our universe. This 
component is linearly related to {K^^P + Ka)D. The second cause is due to 
the possible peculiar velocity of the Milky Way relative to the reference frame 
derived by summing over all Sources and Sinks. Another cause derives from 
the inaccuracy of defining the reference frame because the galaxies directly on 
the other side of the Milky Way center from earth are unobservable from earth. 
The component deriving from the second and third causes is proportional to 
the cosine of the angular difference between the direction of the target galaxy 
and the direction of v^- Thus, 



12 



Ve = COs(90° - Giat) COS(90° - /flat) 

+ sin(90° - Giat) sin(90° - Xi^t) 

X COs(G'ion - i^lon), (23) 

where Giat (degrees) and Gion (degrees) are the galactic latitude and longitude, 
respectively, of the emitting galaxy; and K\ax (degrees) and Kion (degrees) are 
the galactic latitude and galactic longitude, respectively, of the direction of v^- 

Setting — 1 considers K^^ was incorporated into the constants of Eq. (22) 
and yields. 



'sources 



U 

Kr,^- JTnL ergMpcq-^ (24) 



4 Results 



The sample galaxies were selected from the NED database ^ . The selection 
criteria were that the hehocentric redshift Zjnh be less than 0.03 and that 
the object be a galaxy. The parameters obtained from the NED database 
included the galaxy name, Gion, Gi^t, z^h, morphology, the was the B- 
band apparent magnitude mb (mag.) as defined by NED, and the galactic 
extinction ii^xt (mag.). The was calculated from z^h- 

The 21-cm line width W20 (km s~^) at 20 percent of the peak and the incli- 
nation (arcdegrccs) between the line of sight and polar axis were obtained 
from the LEDA database^ when such data existed. 

The constants to be discovered are the constants of Eq. (21), the cell limita- 
tion of Tpi and Tpi, and f^^. Calculating the constants was done by making 
the following simplifications: (1) Estimate the D to the sample galaxies (see 
Appendix A). (2) Galaxies with an unhsted morphology in the NED database 
were considered to have negligible effect. An alternate method may be to as- 
sign a high value of mb to such galaxies. This option was rejected because a 
large number of such galaxies were from the 2dFGRS and 2MASS. These sur- 
veys include only limited areas of the sky. Therefore, including the 2dFGRS 
and 2MASS galaxies with unhsted morphology in the calculation would intro- 
duce a selection bias into the sample. (3) Galaxies with an unlisted mb were 
assigned Mb = — 11 mag. (4) Objects with £'xt = 99 in NED were assigned an 
£Jxt = mag. (5) All the sample galaxies were considered mature and stable. 

^ The Ned database is available at http:/ /nedwww. ipac.caltech.edu. The data were 
obtained from NED on 5 May 2004. 

^ The LEDA database is available at http://leda.univ-lyon.fr. The data were ob- 
tained from LEDA on 5 May 2004. 
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Fig. 2. Plot of the luminosity ratio Lr for galaxies with a distance D less than the 
limiting distance D\ versus D\. 

(6) Galaxies with a spiral (non- lenticular) , barred, or ringed morphology in 
the NED database were considered Sources. All other galaxies were consid- 
ered Sinks. The result was a sample of 22,631 Source galaxies and 7,268 Sink 
galaxies. 

Define the luminosity ratio Ly- as the ratio of the sum of the luminosities of all 
Sources within a limiting distance Di divided by the sum of the luminosities 
of all Sinks within Di, 



i=l 



^iV,i„k(D<A) „ 
2^k=l Vk 



(25) 



Figure 2 shows a plot of versus Di for the 29,899 sample galaxies. Because 
the sample galaxies were limited to Zmh < 0.03, the selection of galaxies for 
D > 130 Mpc was incomplete. Therefore, from Eq. (24) K^, = -2.7 ± 0.1 erg Mpc 

Form the linear relation. 
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Fig. 3. Plot of the correlation coefficient Cc of Eq. (26) using the best values of the 
constants to be discovered versus the distance Die (Mpc) limitation of r^i and r^i- 

where Kgcm is the least squares slope and Kicm is the least squares intercept of 
the presumed linear relationship between and z,:^- The constants of Eq. (21) 
were adjusted to maximize the correlation coefficient of Eq. (26) with -ft'scm ~ 1 
and with Xicm ~ 0. 

Figure 3 shows a plot of the correlation coefficient Cc of Eq. (26) using the 
best values of the constants to be discovered for each data point versus the 
distance Die (Mpc) limitation of Vpi and Vpi. Peaks of Cc ~ 0.88 were obtained 
at Die — 15 Mpc and Die — 75 Mpc. Therefore, the Vpi and r^i were limited to 
15 Mpc. Of the sample galaxies, 3,480 Source galaxies and 1,604 Sink galaxies 
were within 15 Mpc of at least one of the Category A galaxies. Note the 
distances to the close, major clusters (Virgo and Fornax) vary between 15 
Mpc and 20 Mpc. The distance of the next farther clusters (Pisces, Perseus, 
and Coma) vary between 40 Mpc and 60 Mpc. 

Figure 4 shows a plot of Zc versus z^-^ for the 32 Category A galaxies. Tables 1 
and 2 lists the data for the 32 Category A galaxies. Tabic 3 lists the calculated 
constants of Eq. (21). The K^^m = 1-0 ± 0.1 and Kiem = (0 ± 9) x 10"^ at la 
with a correlation coefficient of 0.88. 
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Fig. 4. Plot of the calculated redshift Zc versus the measured redshift for 32 

Category A galaxies (Frccdman ct al., 2001; Maori ct al., 2001). The straight line 
is a plot of Zc = z-ia- The circles indicate the data points for galaxies with (l,b) = 
(290°±20°,75°±15°). 

The error bars indicate the Zc for 1.05 Da and 0.95 Da, which is consistent with 
the error cited in Preedman et al. (2001). For some galaxies such as NGC 4548 
both of the recalculations yield a higher calculation than the calculation 
using D^. 

If the non-target (other) galaxy is far from the photon's path, it has little 
individual effect. If the other galaxy is close to the photon's path, an error 
in its distance changes the distance to the photon's path by the tangent of 
a small angle. Also, because Mb is calculated using the slight change in 
and r-pi is partially offset by the change in M^. Therefore, the error in D 
of other galaxies is negligible relative to the effect of a L>a error of the target 
galaxy. 

The Category A galaxies are within 22 Mpc from earth. The X term of Eq. (21) 
predominates and -ft'min is relatively small for distances less than a few Gpc. 
Therefore, z — > exp(— X) — 1 pa —X. Figure 5 is a plot of Da versus X. The 
straight line is a plot of the least squares fit of the data. The hue is 
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Table 1 



Category A galaxy data in order of increasing D., 



Galaxy 


Morphology'' 


Glon 


Glat 








Zc 


P 


F 












XlO-3 


XlO-3 


XlO-3 


xlOio 


Xl0l2 






deg. 


deg. 


Mpc 








erg Mpc 


erg 


IC 1613 


IB(s)m 


130 


-61 


0.65 


-0.518 


0.156 


-1.234 


0.25 


0.04 


NGC 0224 


SA(s)b LINER 


121 


-22 


0.79 


-0.408 


0.190 


-1.327 


0.34 


0.02 


NGC 0598 


SA(s)cd HII 


134 


-31 


0.84 


-0.148 


0.202 


-1.240 


0.32 


0.04 


NGC 0300 


SA(s)d 


299 


-79 


2.00 


0.336 


0.480 


0.687 


0.81 


0.09 


NGC 5253 


Im pec;HII Sbrst 


315 


30 


3.15 


0.903 


0.756 


1.219 


0.82 


0.15 


NGC 2403 


SAB(s)cd HII 


151 


29 


3.22 


0.758 


0.773 


-0.479 


0.80 


0.15 


NGC 3031 


SA{s)ab;LINER Syl.8 


142 


41 


3.63 


0.243 


0.871 


-0.249 


0.92 


0.15 


IC 4182 


SA(s)m 


108 


79 


4.49 


1.231 


1.078 


0.735 


1.01 


0.21 


NGC 3621 


SA(s)d 


281 


26 


6.64 


1.759 


1.594 


2.744 


1.37 


0.29 


NGC 5457 


SAB(rs)cd 


102 


60 


6.70 


1.202 


1.608 


1.406 


2.20 


0.07 


NGC 4258 


SAB{s)bc;LINE R Syl.9 


138 


69 


7.98 


1.694 


1.915 


1.896 


1.81 


0.34 


NGC 0925 


SAB(s)d HII 


145 


-25 


9.16 


2.216 


2.198 


1.566 


1.68 


0.40 


NGC 3351 


SB(r)b;HII Sbrst 


234 


56 


10.00 


2.258 


2.400 


2.522 


1.77 


0.44 


NGC 3627 


SAB(s)b;LINER Sy2 


242 


64 


10.05 


2.145 


2.412 


2.753 


1.82 


0.43 


NGC 3368 


SAB(rs)ab;Sy LINER 


234 


57 


10.52 


2.659 


2.525 


2.703 


1.89 


0.45 


NGC 2541 


SA{s)cd LINER 


170 


33 


11.22 


1.963 


2.693 


1.492 


1.91 


0.49 


NGC 2090 


SA (rs)b 


239 


-27 


11.75 


2.490 


2.820 


3.985 


2.16 


0.51 


NGC 4725'' 


SAB(r)ab pec Sy2 


295 


88 


12.36 


4.026 


2.966 


3.848 


2.32 


0.52 


NGC 3319 


SB(rs)cd HII 


176 


59 


13.30 


2.497 


3.192 


2.669 


2.38 


0.58 


NGC 3198 


SB(rs)c 


171 


55 


13.80 


2.281 


3.312 


2.546 


2.44 


0.60 


NGC 2841 


SA{r)b ;LINER Syl 


167 


44 


14.07 


2.249 


3.377 


2.070 


2.49 


0.58 


NGC 7331 


SA(s)b LINER 


94 


-21 


14.72 


3.434 


3.533 


3.850 


2.12 


0.62 


NGC 4496At' 


SB(rs)m 


291 


66 


14.86 


5.505 


3.566 


4.883 


2.30 


0.65 


NGC 4536*' 


SAB(rs)bc HII 


293 


65 


14.93 


5.752 


3.583 


4.963 


2.31 


0.65 


NGC 4321*= 


SAB(s)bc;LINER HII 


271 


77 


15.21 


5.087 


3.650 


4.306 


2.29 


0.65 


NGC 4535*= 


SAB(s)c HII 


290 


71 


15.78 


6.325 


3.787 


4.803 


2.32 


0.68 


NGC 1326A 


SB(s)m 


239 


-56 


16.14 


5.713 


3.874 


5.478 


2.51 


0.71 


NGC 4548'' 


SBb(rs);LINER Sy 


286 


77 


16.22 


1.476 


3.893 


4.408 


2.18 


0.69 


NGC 4414 


SA(rs)c? LINER 


175 


83 


17.70 


2.416 


4.248 


4.557 


2.94 


0.75 


NGC 1365 


(R')SBb(s)b Syl.8 


238 


-55 


17.95 


5.049 


4.308 


5.589 


2.57 


0.77 


NGC 1425 


SA(rs)b 


228 


-53 


21.88 


4.666 


5.251 


5.542 


2.52 


0.94 


NGC 4639'' 


SAB(rs)bc Syl.8 


294 


76 


21.98 


3.223 


5.275 


5.315 


2.33 


0.95 



''Galaxy morphological type from the NED database. ''The data points for galaxies with (l,b) = (290° ± 



20°,75° ± 15°). 

L>a = (-2700 ± 500Mpc)X - (1.4 ± O.SMpc) 

^ (27) 

-"spm 

at 1(7 and with a correlation coefficient of 0.93, wliere i^spm = 110 ± 20 km Mpc~^ 
At = 18 Gpc exp{X) fa Kmm/'^- At large cosmological distance, z — Kmin ~ 500. 
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Table 2 

The components of Eq. (21) for each Category A galaxy. 



Galaxy 


KapDP 


KpP 


K{F 


KvpPVe 




X 




xlO-3 


xlO-3 


xlO-3 


xlO-3 


xlO 


-3 


IC 1613 


0.009 


-0.563 


-0.204 


0.06 


-0 


.70 


NGC 0224 


0.014 


-0.770 


-0.103 


0.25 


-0 


.61 


NGC 0598 


0.014 


-0.727 


-0.226 


0.25 


-0, 


.69 


NGC 0300 


0.086 


-1.836 


-0.492 


-0.38 


-2, 


.63 


NGC 5253 


0.137 


-1.862 


-0.780 


-0.65 


-3 


.16 


NGC 2403 


0.136 


-1.808 


-0.760 


0.98 


-1, 


.46 


NGC 3031 


0.177 


-2.091 


-0.778 


1.00 


-1, 


.69 


IC 4182 


0.240 


-2.292 


-1.067 


0.45 


-2, 


.67 


NGC 3621 


0.484 


-3.121 


-1.523 


-0.52 


-4, 


.68 


NGC 5457 


0.783 


-5.005 


-0.380 


1.26 


-3 


.34 


NGC 4258 


0.767 


-4.117 


-1.761 


1.28 


-3, 


.83 


NGC 0925 


0.814 


-3.807 


-2.097 


1.58 


-3 


.50 


NGC 3351 


0.939 


-4.020 


-2.267 


0.89 


-4, 


.46 


NGC 3627 


0.969 


-4.129 


-2.254 


0.72 


-4, 


.69 


NGC 3368 


1.054 


-4.292 


-2.337 


0.93 


-4, 


.64 


NGC 2541 


1.135 


-4.333 


-2.560 


2.33 


-3, 


.43 


NGC 2090 


1.344 


-4.899 


-2.661 


0.29 


-5, 


.92 


NGC 4725'' 


1.521 


-5.269 


-2.711 


0.67 


-5, 


.78 


NGC 3319 


1.681 


-5.414 


-3.021 


2.15 


-4, 


.61 


NGC 3198 


1.786 


-5.542 


-3.116 


2.39 


-4, 


.48 


NGC 2841 


1.860 


-5.662 


-3.008 


2.80 


-4, 


.01 


NGC 7331 


1.6-56 


-4.818 


-3.234 


0.61 


-5, 


.79 


NGC 4496A=' 


1.812 


-5.223 


-3.376 


-0.03 


-6, 


.82 


NGC 4536^ 


1.825 


-5.235 


-3.363 


-0.12 


-6 


.90 


NGC 4321^ 


1.848 


-5.204 


-3.395 


0.51 


-6, 


.24 


NGC 45'?5'' 


1.943 


-5.274 


-3.524 


0.12 


-6 


.74 


NGC 1326A 


2.143 


-5.687 


-3.679 


-0.19 


-7 


.41 


NGC 4548* 


1.875 


-4.952 


-3.605 


0.34 


-6, 


.34 


NGC 4414 


2.763 


-6.685 


-3.923 


1.35 


-6, 


.49 


NGC 1365 


2.447 


-5.839 


-3.989 


-0.14 


-7, 


.52 


NGC 1425 


2.919 


-5.715 


-4.910 


0.23 


-7, 


.47 


NGC 4639'' 


2.718 


-5.297 


-4.920 


0.25 


-7, 


.25 


'The data points 


for galaxies 


with (l,b) 


= (290^^ 


' ±20°, 75° 


±15° 


)■ 



5 X factors 



The components of X in Eq. (22) are a directional effect and effects calculated 
from the integration of ppand dpp/dx across Ax. The X value may be calcu- 
lated by the summation of the galaxy effects of the various regions along the 
light path. The Milky Way effect X,^^ is caused by the Source in the Galaxy. 
Because it is close to earth, p is high and hmited to x < 0.05 Mpc as shown 
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Table 3 



The values of the constants of Eq. (21). 



Parameter 


value 




units 


-f^min 


1.94 X 10-3 






5.3 X 10-15 


erg-i Mpc-^ 




0.00 




Mpc-i 




-2.27 X 10-13 


erg-i Mpc-i 


Kf 


-5.2 X 10-15 


erg-i 




-4.3 X 


IQio 


erg Mpc-i 




1.3 X 


10-13 


erg-i Mpc-i deg.-i 




14 




o 


-f^lon 


164 




o 



^ Because K^, = 0, it is ignored in the final equation. 

25 I \ 



20 - 




-0.004 -0.008 



Fig. 5. Plot of distance Da (Mpc) versus exponent factor X of the redshift calculation 
for 32 Category A sample galaxies. The straight line indicates Da = — 2600X — 1. 
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in the examples NGC 1326A (Fig. 6), NGC 4535 (Fig. 7), and NGC 1425 
(Fig. 8). 

The directional dependant effect X^ir is caused by the Ve term of Eq. (21) 
and the Sources and Sinks in the local group, over 0.05 Mpc < x < 2 Mpc. 
The variation in X^ir due to the cluster structure of our local group is seen 
in Figs. 6, 7, and 8. Figure 6 shows the light from the target galaxy passing 
first through the outer shell of Source galaxies of the local cluster with a large 
hump in the p - x plot and then through the Sink galaxies of the core of the 
local cluster with a large "U" in the p - x plot. Figure 8 shows hght from 
the target galaxy passing first through a portion of the outer shell of Source 
galaxies of the local cluster with a small hump in the p - x plot and then near 
but not through the Sink galaxies of the core of the local cluster with a barely 
discernable "U" in the p - x plot. Figure 7 shows the light from the target 
galaxy passing through only a portion of the outer shell of Source galaxies of 
the local group with neither a hump nor a "U" being discernable. 




11 22 

X (Mpc) 

Fig. 6. Plot of scalar potential p(xlO^ erg) versus distance x (Mpc) along our line 
of sight of NGC 1326A [(/, b, z) (239°, -56°, 0.0057134)]. 

The D^^ effect at x > 2 Mpc is caused by the local group that appears as a 
single Source with a p value depending on direction as expected for a Gaussian 
surface. If there were no other influences, Eq. (3) expects a decline in p. 
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Fig. 7. Plot of scalar potential p(xlO^ erg) versus distance x (Mpc) along our line 
of sight of NGC 4535 [(/, b, z) ^ (290°, 71°, 0.0063253)]. 

This is plotted in Figs. 6,7, and 8 as dashes. Noting P oc / pdx ^InD and 
terms of Eq. (22) other than P terms are small if the only p variation is D~^, 
using only first order terms, and performing a binomial expansion yields z is 
a linear function of D (the Hubble Law) with a negative (blueshift) intercept, 
which is consistent with Eq. (27) and consistent with observations of close 
galaxies. 



As shown in Figs. 6, 7, and 8 the p varies both above and below X^. An / pdx 
above implies a dz/dD greater than the X^ caused z change. An / pdx 
below Xd implies a dz/dD less than the X^ caused z change. 

The field Source effect Xgourcc is caused by the light passing very close to a 
Source galaxy outside of a cluster. This effect is seen in the plot of NGC 4535 
(Fig. 7) as a sharp peak at a; ~ 10.4 Mpc. The Xgomcc in the plot of NGC 4535 
(Fig. 7) appears to be caused by NGC 4526 (SAB, Dy, = 10.41 Mpc, Mb = 
—19.44 mag., A — 0.5°), where A (arcdegrees) is the angular separation of 
other galaxies from the identified target galaxy. 

The field Sink effect X^ink is caused by the light passing very close to a Sink 
galaxy outside of a cluster. This effect is seen in the plot of NGC 4535 (Fig. 7) 
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_1 I \ 1 

11 22 

X (Mpc ) 

Fig. 8. Plot of scalar potential p{xlO^ erg) versus distance x (Mpc) along our line 
of sight of NGC 1425 [(/, b, z) ^ (228°, -53°, 0.0046664)]. 

as a sharp "V" at a; ^ 5.6 Mpc. The Xsink in the plot of NGC 4535 (Fig. 7) 
appears to be caused by Messier 095 (E5, = 5.59 Mpc, = —18.23 mag., 
A = 3.9°). 

The galaxy group effect Xg is seen in the plots of NGC 1326A (Fig. 6) and 
NGC 1425 (Fig. 8) as sharp steps associated with extended p values slightly 
higher than at x ^ 7 Mpc and x ^ 8.5 Mpc. The step and extended areas 
of NGC 1326A and NGC 1425 (Fig. 8) arc caused by several low luminosity 
Source galaxies intermixed with a few low luminosity Sink galaxies. Unlike 
in clusters, the field galaxies have a higher percentage of Source galaxies and 
a lower density (Binney and Merrifield, 1998). The Xg is distinguished from 
-'^source by the larger Ax > 0.5 Mpc of the group. 

The total cell effect X^c is caused by light passing through or near the center 
of a cluster. The Xtc is a broad "V" shape. This is shown in NGC 1326A 
(Fig. 6) at a; = 11.6 Mpc, NGC 4535 (Fig. 7) at x = 11.6 Mpc, and NGC 1425 
(Fig. 8) at a; = 12.6 Mpc. Within 5.0° and 4 Mpc of the point of the "V", 
NGC 1326A has 14 sinks and 1 source, NGC 4535 has 34 Sinks and 20 Sources, 
and NGC 1425 has 5 Sinks and zero Sources. 
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Another cluster effect Xsheii is caused by the high density of Source galaxies in 
the shell of a cluster. This is shown in NGC 1326A (Fig. 6) at x = 14.4 Mpc, 
NGC 4535 (Fig. 7) at a; = 12.9 Mpc, and NGC 1425 (Fig. 8) at a; = 14.4 Mpc. 

Another cluster effect Xcorc- is caused by the high density of Sinks galaxies in 
the core of a cluster and by the target galaxy being in the shell of a cluster. 
This is shown in NGC 4535 (Fig. 7) at x = 15 Mpc and NGC 1425 (Fig. 8) 
at X — 21.1 Mpc. This effect is caused by light passing through the core of a 
cluster. Therefore, the core acts as a large Sink. This effect occurs only if the 
target galaxy is in the far side of the cluster from us. 

Another cluster effect Xcorc+ is caused by the high density of Sources galaxies 
in the shell of a cluster and by the target galaxy being in the shell of a cluster. 
This is shown in NGC 1326A (Fig. 6) at x = 15.5 Mpc. This effect occurs only 
if the target galaxy is in the near side of the cluster from us. Although there 
is a slight dip in the p — D plot, the net effect is the p values are higher than 
the values. 

The net effect Xcorc is either the Xcorc+ or Xcorc- depending on whether the 
target galaxy is in the near or far side of the cluster, respectively. 

The Category A galaxies used in Figs. 1 and A. 2 were obtained from the Key 
Project results(Freedman et al., 2001) that established the currently popular 
Hubble constant value of about 70 km s~^ Mpc~^. Examination of Fig. 1 shows 
the appearance of two different types of distributions. The data points for the 
galaxies in the sample with < 0.0024 and D^. < 10 Mpc (close sample 
galaxies) have a tight, linear appearance. The data points for the galaxies in 
the sample with z-j^ > 0.0024 and > 10 Mpc (far sample galaxies) have 
a scattered, nearly unrelated appearance. Figures 1 and A.2 show that close 
sample galaxies, which are without an intervening cluster, have an effective 
Ho 100 km s~^ Mpc^^ and a non-zero intercept with a correlation coefficient 
of 0.93 (see the Category C distance calculation in the Appendix). The two 
outlier galaxies omitted in the Category C calibration have Da > 11 Mpc. 
The far sample galaxies have at least one intervening cluster at 11 Mpc < a; < 
15 Mpc and have a Da_-Zm correlation coefficient of 0.53. The SPM suggests this 
scatter is caused by Xtc, Xcore, and Xghcii of intervening galaxies. A selection 
bias in selecting galaxies with Sink effects is expected because of the cluster 
cell structure. Further, gravitational lensing observations have the X factor 
effects of galaxies close to the hght path. 

The target galaxy effect Xt is caused by the Source or Sink in the target 
galaxy. The depends on the magnitude of the target galaxy hke Xj^w 
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6 Discrete variations in redshift 



Beyond the local group, the major X effects are Xj, ^sheii, -'^tc, and Xcore- The 
Xgource, -^sink, and effects are secondary and tend to partially offset each 
other. At a; > 2 Mpc the X^ is the major effect on z. The major variation of 
z,y^ from the Hubble law is caused by the cluster factors Xtc, -'^sheib and Xcore- 

This effect is seen in Figs. 9, 10, 11, 12, and 13. The left plots in Figs. 9 and 

11 and the plots in Fig. 13 are z versus A from the target Sink galaxy. The 
filled diamonds denote Sinks. The right plots in Figs. 9 and 11 show D of the 
galaxies versus A. The filled squares are distances calculated using the TuUy- 
Fisher relation (TuUy and Fisher, 1977). The Category A galaxies (Cepheid 
galaxies) were used as cahbration galaxies for the TuUy-Fisher relation. 



I 

o 




100 








A (degrees) 



Fig. 9. The left plot is of the measured redshift versus the angle A (arcdcgrccs) 
subtended from NGC 5353 (SO in Canes Venatici, M = -20.8 mag.) {l,h,z) = 
(82.61°,71.63°,8.0203xl0-3). The open diamonds indicate the data points for Source 
galaxies. The filled diamonds indicate the data points for Sink galaxies. The right 
plot is the distance D (Mpc) from earth versus A. The open squares indicate the 
data points for galaxies with the D calculated herein. The filled squares indicate the 
data points for galaxies with the D calculated using the Tully-Fisher relationship. 



Figures 10 and 12 show Giat versus Gion of the galaxies within approximately 
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Table 4 

The data for the Case Nos. of Fig. 13. 



Case 


Constellation 


Galaxy 


Morphology 


a 

*-^lon 




D 


z 


M 


Ratio 


No. 








o 


o 


Mpc 


XlO-3 


mag. 




1 


Camelopajrdalis 


UGC 05955 


E 


135 


42 


13.8 


4.2959 


-16.68 


1:2:5*' 


2 


Canes 


NGC 5797 


so/a 


85 


57 


92.2 


13.7083 


-21.05 


1:2^^ 


3 


Cetus 


NGC 0693 


so/a? 


148 


-54 


13.2 


5.4335 


-17.51 


1:2:3:4:5^^ 


4 


Coma 


VCC 0546 


dE6 


279 


72 


35.1 


6.6833 


-17.05 


1:2"^ 


5 


Fornax 


NGC 0802 


SAB(s)0+ 


294 


48 


17.2 


4.4360 


-17.50 


1:2:4:5 


6 


Grus 


IC 5267B 


800- 


350 


-62 


12.0 


5.5945 


-17.74 


1:2:4:5« 


7 


Hercules 


UGC 10086 


so/a? 


29 


46 


21.3 


7.6864 


-16.40 


l;2:4f 



''Rounded to the nearest degree. ''The data point at z 27.5 X 10~^ is 6.4X. '^Note the Source galaxies 
closer to earth. ''Note the presence of a number of Sinks at 17 X 10^^ < z < 21 X 10^'^ causing the lapse in 
the discrete ratio. "Note the presence of additional Sinks at Ix and 2x and the odd Source at approximately 
3.5x. *Note the presence of additional Sinks at 2x causing the nearby Sources to have lower z. 



six arcdegrees surrounding the identified Sink. The angular location of the 
identified Sink is marked by the crosshairs. The filled circles denote the galaxies 
within one arcdegree of the identified Sink of Figs. 9 and 11, respectively. 




63 83 103 

^ ion 

Fig. 10. Plot of the galactic latitude Giat (arcdegrees) versus the galactic longitude 
Gion (degrees) approximately six arcdegrees around NGC 5353. The open circles 
indicate the data points for galaxies more than one arcdegree from NGC 5353. The 
filled circles indicate the data points for galaxies within one arcdegree of NGC 5353. 
The "+" or crosshairs indicate the position of NGC 5353. 
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Fig. 11. The left plot is of the measured redshift Zm versus the angle A (arcde- 

grees) subtended from NGC 2636 (EO in Camclopardalis, M = —17.9 mag.) {I, b, z) 
= (140.15°,34.04°, 7.3163x10-3). The open diamonds indicate the data points for 
Source galaxies. The filled diamonds indicate the data points for Sink galaxies. The 
right plot is the distance D (Mpc) from earth versus A. The open squares indi- 
cate the data points for galaxies with the D calculated herein. The filled squares 
indicate the data points for galaxies with the D calculated using the Tully-Fisher 
relationship. 

Source galaxies surround the Sink galaxies. 

Figure 9 shows the X^ore effect around the Sink NGC 5353. The z value of 
galaxies closer than the identified Sink is increased due to XcoTe+- The z value 
of galaxies farther than the identified Sink is decreased due to Xco^e-- The 
overall effect is the range of z values of galaxies around the identified Sink are 
tightened toward the z value of the identified Sink. 

Figure 11 shows the additional effect of in the z values of more distant 
target galaxies that also have nearby Sinks and whose light must pass through 

another, closer cluster. The nearer cluster causes an incremental increase in z 
and the farther Sink in the cluster of the target galaxy causes the distribution 
of z values to tighten. Therefore, the total effect is of the two clusters. If the 
Xtc effect of clusters are approximately equal, then the z value of the farther 
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group is nXtc, where n is an integer count of the clusters the hght passes 
through. The net effect is a near scarcity of z values half way between integer 
z variation of the z of the first cluster from earth. 



Figure 14 of the Perseus constellation shows the situation may become very 
complex. The previous plots used situations with few Sink galaxies for clarity. 

The calculation of z from Eq. (21) presents a formidable task. Also, as distance 
increases, a bias develops resulting from the omission of undetected galaxies. 
The effects of X^, Xtc, Xshcw, and Xcorc relative to Xgourcc, -^sink, and Xg suggest 
the z may be calculated by adding the effects of the local group to the z at x < 
3 Mpc, fitting a linear D^^ relation to the p — D curve for 3 Mpc< x < 8 Mpc, 
applying the linear relation to the p — D curve for x > 8 Mpc, and modifying 
the p calculation by counting the number of clusters the light passes near 
or through. This method may be more appropriate than the Hubble Law for 
situations such as gravitational lensing in which the homogeneous assumption 
is invalid. 
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Fig. 12. Plot of the galactic latitude Giat (arcdegrees) versus the galactic longitude 
Gion (degrees) approximately six arcdegrees around NGC 2636. The open circles 
indicate the data points for galaxies more than one arcdegree from NGC 2636. The 
filled circles indicate the data points for galaxies within one arcdegree of NGC 2636. 
The "+" or crosshairs indicate the position of NGC 2636. 
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Fig. 13. Plots of the angle A (arcdegrees) subtended from a target galaxy versus 
the measured redshift Zm- The target galaxy is shown on the ^4 = axis as a large, 
filled diamond. The open diamonds indicate the data points for Source galaxies. 
The filled diamonds indicate the data points for Sink galaxies. The data for the 
target galaxies arc listed in Table 4. 



7 Discussion and conclusion 



The evidence is increasing that the discrete or periodic nature of redshift is 
genuine. 

Milgrom and Sanders (2003) found the observations of L* elliptical galaxies 
(Romanowsky et al., 2003) are in full concordance with the Modified Newto- 
nian Dynamics model (MOND). However, Prada et al. (2003) using velocities 
of satellites and Treu and Koopmans (2004) using lensing and stellar dynamics 
of bright elliptical galaxies found results that contradict MOND. If Fg and Fg 
of only the target galaxy act on a test particle in a galaxy, the Fg appears as 



28 



25 



I 



3 • I I 



o 

^ 10 h ^ 
5 




A (degrees) 



Fig. 14. The left plot is of the measured redshift Zm versus the angle A (arcde- 
grees) subtended from NGC 1282 (E in Perseus, M = —19.8 mag.) {l,b,z) = 
(150° ,-13.34°, 7.4727x10-3). The open diamonds indicate the data points for Source 
galaxies. The filled diamonds indicate the data points for Sink galaxies. The right 
plot is the distance D (Mpc) from earth versus A. The open squares indicate the 
data points for galaxies with the D calculated herein. The filled squares indicate the 
data points for galaxies with the D calculated using the Tully-Fisher relationship. 



a modification to Fg. The SPM allows the Fg of neighboring galaxies to also 
influence test particles. The addition of Fs from neighboring galaxies, which 
is not radial in general, in a dense environment is unaccounted in MOND. 
Therefore, because of the differing environmental densities, the SPM expects 
MOND to apply to L* elliptical galaxies and to fail for bright elliptical galax- 
ies. This suggests MOND may be an application of the SPM for low to medium 
galaxy densities and the modified acceleration of MOND is another force (Fg). 

The calculation of p involved only the luminosity and position of galaxies. The 
SPM posits p and the variation in p is the major influence on photons redshift. 
The model in this Paper considered gravitational forces or potentials as being 
linearly related to the e or of the galaxies. Therefore, as done herein, the 
SPM suggests the strength (luminosity) and position of galaxies are necessary 
and sufficient to determine intergalactic effects. 
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The Fg derives from Vp. Therefore, the intergalactic Fg may be directed at 
any angle relative to our line of sight. If the universe is finite and flat, then 
there is an edge where p ^ and where Vp ^ is directed away from us. 
Therefore, the objection to a Newtonian flat, flnite universe is overcome. 

At larger distance (say > 200 Mpc) the F and P terms approach an average 
per unit distance because the total number of encounters with Sources and 
Sinks per unit distance becomes nearly constant. Therefore, if the volumes 
considered are greater than the spacing between several clusters, the mass 
distribution of the universe appears homogeneous and the Hubble Law is re- 
covered for cosmological scale distance. However, the error (peculiar velocity) 
in the Hubble Law's proportionality calculation is much larger than currently 
accepted. Indeed, the constant of proportionality may vary with direction. Ex- 
amining the P and F data of the more distant sample galaxies herein suggests 
the error is at least dz > 0.016, which is consistent with Russell (2005). 

The purpose of the present investigation was to deflne the structure of a scalar 
potential fleld to be consistent with various galaxy observations. The special 
focus was on observations that are inconsistent with other currently popular 
cosmological models. This paper has not addressed the physical mechanism of 
Sources (e) and Sinks (rj), the nature of p, or the nature of the rus property of 
matter except to exclude the mass property. However, this Paper has found a 
physical effect of these quantities. A speculative example of a possible physical 
mechanism is galactic wind (Paumard et al., 2001; Shu et al., 2003; Silk and 
Rees, 1998; Veilleux et al., 2005). The shells of outward flowing, shocked gas 
around the Galactic center (Binney and Merrifield, 1998, page 595)(Konigl, 
2003) and the presents of heavy-element ions in the intracluster medium sug- 
gests the emission of the ubiquitous, corporeal wind media is from the center 
of spiral galaxies. If all stars emit matter in addition to radiation, Newton's 
spherical property and, hence, the inverse square law may be applied to the 
effect of the wind. The gradient of the energy of the wind media (p) exerts 
a repulsive force (Fs) on the cross-sectional area of particles (mg). The rate 
of emission by Sources and of absorption by Sinks may be identifled with e 
and rj, respectively. The Ggms/Gmg ratio of Eq. (6) produce differing Fg for 
differing particle density. Such a model is consistent with the radial distri- 
bution of black holes, quark stars, neutron stars, high metallicity stars, and 
lighter hydrogen stars. In the outer bulge H^ RCs of varying metallicity, hot 
stars have peculiar shapes and differ from Hi RCs of hydrogen gas. However, 
in the outer disk H^, RCs of hot, hydrogen stars approach the Hi RCs (see for 
example Sempere et al. (1995) for NGC 4321). 

Because the Source of the e is in the center of the Galaxy, the p variation 
across our solar system is insigniflcant. For 6r = 100 AU, 6{r^)/r'^ ~ 10""^'''. 
However, a gravitational experiment must carefully consider the differing mg 
effects of particles. 
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The development of in Section 5 included a central Source and p oc r~^. 
These conditions yielded the Hubble Law and Ho- In the part of a spiral galaxy 
where neighboring galaxies have an insignificant effect, the p has the same, 
inverse square law form. Therefore, the SPM suggests the appearance of 
in galaxy observations is sufficient to indicate that an action of Fg is present 
and is insufficient to indicate that cosmological scale, general relativity effects 
are present. The latter is consistent with the finding of Cooperstock et al. 
(1998) that the expansion of the universe is essentially negligible for scales up 
to galactic clusters. 

For a sample of 32 galaxies with distances calculated using Cepheid variable 
stars, the redshift calculated using the SPM p variation had a 0.88 corre- 
lation coefficient to the measured redshift z^. The calculation argued spiral 
galaxies are Sources and elliptical and other galaxies are Sinks. Because the 
variation of p appears to influence z^, the variation of p was qualitatively 
related to the observed, discrete variation in z^- 



Acknowledgements 

This research has made use of the NASA/IPAC Extragalactic Database (NED) 
which is operated by the Jet Propulsion Laboratory, California Institute of 
Technology, under contract with the National Aeronautics and Space Admin- 
istration. 

This research has made use of the LEDA database (http: / /leda.univ-lyonl.fr). 
I acknowledge the helpful comments by the reviewer. 

I acknowledge and appreciate the financial support of Maynard Clark, Apollo 
Beach, Florida, while I was working on this project. 



A INITIAL DISTANCE ESTIMATION 

Category A galaxies consisted of 32 galaxies. The distances Dg, to Category 
A galaxies were calculated using Cepheid variable stars as hsted by Freedman 
et al. (2001) and Macri et al. (2001). 

Category B galaxies consisted of 5967 spiral galaxies in the sample that were 
not Category A galaxies with W20, in, and values listed in the databases. 
The distance L>b (Mpc) for each of the Category B galaxies were calculated 
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following the method of TuUy-Fisher (Tully and Fisher, 1977) as follows: (1) 
For the Category A galaxies, the absolute magnitude Mg_ was calculated, 

= 25-5 login — — . (A.l) 

mag. mag. mag. yMpcy 



(2) A plot of Ma/mag. versus log(PF2Q/kms~^), where W^q is the inclination 
corrected is presented in Fig. A.l. IC 1613 (an Irregular galaxy classified 

as a Sink), NGC 5253 (an Irregular galaxy classified as a Sink), and NGC 5457 
(Frccdman ct al. (2001) noted the Z^a was calculated differently) were omitted 
from the plot. The straight line in Fig. A.l is a plot of 

- K^s log { + K^u (A.2) 



— WCi — oil - 

mag. Vkms 



where = —6.0 ± 0.6, and K^i = —4 ± 1 at one standard deviation ( 
la). The correlation coefficient is -0.90. Tully and Fisher (1977) calculated 
a similar relation with K^g = —6.25 and K^i — —3.5. The circles indicate 
the data points for galaxies with (l,b) = (290° ± 20°,75° ± 15°) as in Fig. 1. 
However, unlike Fig. 1, the data in Fig. A.l for the outlier galaxies appears 
consistent with the other sample galaxies' data. 

(3) The L>b is 



where 



^ = i^wslog(-^)+X... (A.4) 
mag. Vkms / 



Category C galaxies consisted of galaxies in the sample that were not in the 
previous categories with —0.001 < < -002. A plot of versus Zm for 

the Category A galaxies in the Category C range is presented in Fig. A.2. 
Because the goal of this section is to arrive at the initial distance estimation, 
NGC 2541 and NGC 4548 are outlier galaxies and were omitted from the plot. 
The straight line in Fig. A.2 is a plot of 

D,= p^ + Xczi, (A.5) 



where K^^^ = 100 ± 10 km s"^ Mpc-^ and i^czi = 1-7 ± 0.4 Mpc at la. The 
correlation coefficient is -0.93. 
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Fig. A.l. Plot of the absolute magnitude versus the inclination corrected 21 cm. 
line width at 20% of peak value for 29 of the 32 Category A galaxies (Freedman 
et al., 2001; Macri et al., 2001). The straight line is a plot of Eq. (A.2). The circles 
indicate the data points for galaxies with (l,b) = (290° ± 20°, 75° ±15°). 

The distance (Mpc) for Category C galaxies is 



(A.6) 



Category D galaxies arc galaxies in the sample not in the previous categories 
and with < —0.001. The distance (Mpc) to Category D galaxies was 
1 Mpc. 

Category E galaxies are all other galaxies in the sample not in the previous 
categories. The distance L>e (Mpc) to these galaxies was calculated using the 
Hubble law with = 70 km s"^ Mpc'^ 



References 

M. Aaronson et al., Ap J 258 (1982), p. 64. 



33 



8 




Fig. A. 2. Plot of distances Da to galaxies calculated using Cepheid variable stars as 
listed by Frccdman ct al. (2001) and Maori et al. (2001) versus the redshift Zm of 
these galaxies. The straight line is a plot of Eq. (A. 5). 

J. E. M. Aguilar et al., preprint (http://www.arxiv.org/abs/gr-qc70411074), 
(2004). 

E. Battaner and E. Florido, preprint http://www.arxiv.org/abs/astro- 
ph?0010475vl (2000). 

M. B. BclL ApJ 616 (2004), p. 738. 

M. B. Bell, S. P. Comeau and D. G. Russel, preprint 

http:/ /www.arxiv.org/abs/astro-ph?0312132 (2003). 
M. B. Bell, S. P. Comeau and D. G. Russel, preprint 

http://www.arxiv.org/abs/astro-ph70407591 (2004). 
J. Binney and M. Merrifield, Galactic Astronomy, Princeton, NJ: Princeton 

University Press (and references therein) (1998). 
G. Burbidge, ApJ 154 (1968), p. L41. 

F. I. Cooperstock, V. Faraoni and D. N. VoUick, ApJ 503 (1998), p. 61. 

W. J. G. de Block, S. S. McGaugh and V. C. Rubin, A J 122 (2001), p. 2396. 
D. Duari, P. D. Gupta and J. V. Narlikar, ApJ 384 (1992), p. 35. 
S. Fay A&A 413 (2004), p. 799. 
L. Ferrarese, ApJ 578 (2002), p. 90. 

L. Ferrarese and D. Merritt, preprint (http://www.arxiv.org/abs/astro- 
ph70206222) (2002). 



34 



W. L. Freedman et al., Ap J 533 (2001), p. 47. 
A. M. Ghez et al., Nature 407 (2000), p. 349. 
A. W. Graham ct al., Ap J 563 (2001), p. 111. 

A. W. Graham, preprint http://www.arxiv.org/abs/astro-ph70206248 (2002). 
A. W. Graham et al., preprint http://www.arxiv.org/abs/astro-ph70306023 

(2003). 

J. Guzik and U. Seljak, MNRAS 335 (2002), p. 311. 
M. Hudson et al., MNRAS 352 (2004), p. 61. 
F. P. Israel, AARv 8 (1998), p. 237. 
K. G. Karlsson, A&A 58 (1977), p. 237. 

A. Konigl, preprint http://www.arxiv.org/abs/astro-ph70302109 (2003). 

P. B. Lilje, A. Yahil and B. J. T. Jones, Ap J 3Q7 (1986), p. 91. 

D. Lynden-Bell et al., Ap J 32Q (1988), p. 19. 

R. J. McLure and J. S. Dunlop, MNRAS 331 (2002), p. 795. 

L. M. Maori et al., Ap J 559 (2001), p. 243. 

J. C. Mather et al., ApJ 354 (1990), p. L37. 

J. C. Mather et al., ApJ 512 (1999), p. 511. 

J. P. Mbelek, A&A, 424 (2004), p. 761. 

D. Merritt and L. Ferrarese, MNRAS 320 (2001a), p. L30. 

D. Merritt and L. Ferrarese, The Central Kpc of Starbursts and AGNs, 

eds. J. H. Knapen, J. E. Beckman, I. Shlosman and T. J. Mahoney 

http://www.arxiv.org/abs/astro-ph70107134 (2001b). 
M. Milgrom and R. H. Sanders, ApJ 599 (2003), p. L25. 
T. Paumard, J. P. MauUard, M. Morris and F. Rigaut, A&A 366 (2001), p. 

466. 

J. A. Peacock et al.. Nature (London) 410 (2001), p. 169. 

Y. F. Pirogov, preprint (http://www.arxiv.org/abs/gr-qc70505031) (2005). 

F. Prada ct al., ApJ 598 (2003), p. 260. 

M. Rcjkuba, A&A 413 (2004), p. 903. 

M. A. Rodriguez-Meza et al., preprint http://www.arxiv.org/abs/gr- 

qc70504111 (2005). 
A. J. Romanowsky et al.. Science 301 (2003), p. 1696. 

D. G. Russell, preprint http://www.arxiv.org/abs/astro-ph70503440 (2005). 

J. A. Sellwood and A. Kosowsky, AS PC 240 (2001), p. 311. 

M. J. Sempere et al., A&A, 296 (1995), p. 45. 

C. Shu, H. J. Mo, and S. Mao, ChJAA 5 (2005), p. 327. 

J. Silk and M. J. Recs, A&A 331 (1998), p. LI. 

Y. Sofue et al., ApJ 523 (1999), p. 136. 

T. Takamiya and Y. Sofue, ApJ 534 (2000), p. 670. 

W. G. Tifft, ApJ 468 (1996), p. 491. 

W. G. Tifft, ApJ 485 (1997), p. 465. 

T. Treu and L. V. E. Koopmans, ApJ 611 (2004), p. 739. 

R. B. TuUy and J. R. Fisher, A&A 54 (1977), p. 661. 

S. Veilleux, G. Cecil and J. Bland-Hawthorn, preprint 
http://www.arxiv.org/abs/astro-ph70504435 (2005). 



35 



A. Wandel, preprint http://www.arxiv.org/abs/astro-ph70303562 (2003). 
C. Will, Theory and Experiment in Gravitational Physics, Cambridge, United 
Kingdom: Cambridge University Press (1993). 



36 



